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In countries with a history of rich and diverse farmland wader assemblages such as the UK and the 46 Netherlands which are amongst the three most important EU countries for breeding populations of 47 5 From this data set, we used breeding Lapwing abundance as our response variable. Lapwings were 111 counted on a field by field basis following O' Brien and Smith (1992) calculated by dividing the number of Lapwings recorded in a field (excluding those in flocks) on one 114 of the first two site visits, selecting the visit where the maximum number of Lapwings was recorded 115 across the whole site (Barrett & Barrett 1984) . Explanatory variables obtained from O'Brien and 116 Wilson (2011) were, vegetation height, % soft rush and % flooding which indicate site wetness (Table  117 2a). For detailed methods used by O'Brien & Wilson see Supporting Information Appendix S2. To 118 these explanatory variables we added measures of field area (ha) and elevation (m) from the UK 119
Ordnance Survey Digital Terrain model, and a measure of field enclosure (Table 2b) . Elevation was 120 calculated as the mean of all points within a field (50 m grid) and enclosure was calculated by 121 measuring the length of field boundaries consisting of trees, hedges, buildings or scrub (using Google 122 Earth) and dividing this by the total length of the field perimeter. All Geographical Information 123 System (GIS) manipulations were conducted with ArcGIS 9.2 (Esri inc. 2006) . 124
Soil property data were derived from the Scottish Soil Survey (Lilly et al. 2010) which records soil 125 profiles on a 10km grid of 700 sites across Scotland, with data collected between 1978 and 1988, 126 and for which an extension of regression kriging had been used to create an interpolated surface 127 (Poggio et al. 2010) . We extracted interpolated values for soil organic matter content, soil pH and 128 soil depth for our study sites in a GIS framework (Table 2c) as the response variable, a log link and Poisson error, and fitting loge (site area) as an offset so that 150 we were modelling correlates of variation in breeding Lapwing density. In stage 1, a set of models 151 using all possible combinations of predictor variables (totalling 32 models) was implemented and an 152 information-criterion approach to model selection was adopted (Supporting Information Appendix 153 S3). The relative likelihood of each candidate model (Akaike weight) was calculated for each 154 candidate model using QAICc (i.e. correcting for over-dispersed data and small sample size) and 155 variables were ranked by summing Akaike weights across all models in which the variable was 156 (Table 4b ). In summary, this final model shows that Lapwing density was highest at higher 198 elevation sites with deeper, less acidic, mineral soils, wetter conditions and shorter vegetation. range of pH within our sites (difference between lowest and highest pH of 2.8 units), and therefore 225 unlikely to have significantly impacted on our conclusions. Moreover, localised acidification, 226 potentially related to reduction in lime use (Kuylenstierna & Chadwick 1991 , Baxter et al. 2006 has 227 been detected in higher elevation agricultural grasslands, which are becoming an increasingly 228 important breeding habitat for this species in the UK as a result of the severity of declines in lowland 229 agricultural landscapes (Shrubb 2007 , Balmer et al. 2013 . 230
Lapwing density was not related to the principal component 'soil 1' which accounted for over 70% of 231 the variation in soil variables and elevation, and described a gradient from low ground sites with 232 higher pH, humic soils, to higher altitude sites with more acidic, peaty soils, where earthworms are 233 found at low densities or are entirely absent. This principal component describes a dominant 234 edaphic trend in the UK from high rainfall upland environments with strong leaching effects and a 235 tendency towards gradual acidification and accumulation of organic matter as peat, to more Godwits in the Netherlands, probably due to higher abundances of soil invertebrate prey. 255
In the higher elevation environments of northern Britain, one key limit is the leaching effect of 256 higher rainfall, leading to loss of base cations (calcium, magnesium and sodium ions), gradual 257 acidification of soils, and reduced earthworm densities (Guild 1951 , Edwards & Bohlen 1996 , White 258 2006 , often exacerbated by the low buffering capacity of upland geologies, where bedrock with 259 infinite pH buffering capacity is restricted to less than 1% of Scotland (Langan & Wilson 1992 , 260 Hornung et al. 1995 . Such leaching effects are also a limit on productive agriculture and, 261 historically, the practice of agricultural liming has been used to counteract poor crop (including 262 grass) growth in leached soils by raising soil pH in association with re-seeding, fertiliser and manure 263 use and drainage (Johnston & Whinham 1980 , Gasser 1985 . Indeed these practices will have 264 continuing reliance on nitrogen and phosphate fertilisers to maintain grassland productivity, a 271 practice known to accelerate leaching of base cations from soils (Gasser 1985 , Rowell & Wild 1985 . 272
In addition to the relationship with elevation, soil organic matter and pH, Lapwing density was 273 positively related to soil depth, and this may reflect the requirements both of earthworm prey and 274 of Lapwings to be able to access them. Anecic earthworms, the ecological group that live in deep 275 burrows but feed on the soil surface, require deep soils to persist (Edwards & Bohlen 1996 , Curry 276 2004 . Soil depth also influences available water capacity within the soil (Poggio et al. 2010) and 277 deeper soils can stay wetter, and thus more accessible to foraging birds, for longer under the same 278 environmental conditions, due to the larger volume of water that is stored (Tromp-van Meerveld & 279 McDonnell 2005) . Table 1 . Number of papers returned by a Web of Science search using the key words "farmland" and 466 either "bird" or "Vanellus vanellus" then adding "habitat", "soil moisture", "soil organic matter", 467 "soil pH" , "soil depth" or "soil depth" to these terms (published between January 2000 
